The circadian timing system in mammals is thought to promote wakefulness and oppose sleep drive that accumulates across the activity phase in diurnal and nocturnal species. Whether the circadian system actively opposes compensatory sleep responses in mammals with episodes of alertness consolidated at dawn and dusk is unknown. In the present study, an interaction between circadian timed arousal at dawn and compensatory sleep responses after sleep deprivation (SD) was examined in Octodon degus, a hystricomorph rodent with crepuscular episodes of wakefulness. Recovery sleep was compared after 6 hours and 12 hours of SD ending at either CT 21 or 12, just before the dawn, and just after the dusk crepuscular episodes of consolidated wakefulness, respectively. Total sleep time and NREM sleep after SD increased proportionally to the amount of sleep loss; however, compensatory sleep responses after SD were attenuated at CT 23, a circadian time when a crepuscular event of wakefulness occurs in this species. EEG slow-wave activity (SWA) and body temperature levels in the first two hours after 6 and 12 hours of SD ending at CT 12 were similar. However, both were significantly higher than after 12 hours of SD ending at CT 21, suggesting factors other than the amount of prior wake duration can influence SWA levels. This study provides evidence that the circadian arousal system opposes compensatory sleep responses at dawn by actively promoting wakefulness in this species.
INTRODUCTION
COMPENSATORY SLEEP RESPONSES TO PRO-LONGED WAKEFULNESS are characterized by consolidation, intensification, and increased amounts of sleep. 1, 2 For example, the intensity of sleep, as measured by electroencephalogram (EEG) delta (0.5-4 Hz frequency band) power density in NREM sleep, increases as a function of prior wake duration in rats 3 and humans. 4 Sleep-wakefulness is regulated by at least two fundamental processes: a sleep dependent process and a circadian process. [5] [6] [7] Generalizations regarding the interaction between these two processes remain tenuous, however, due to the limited number of species studied. Since rats with lesions in the suprachiasmatic nucleus (SCN) of the hypothalamus have homeostatic sleep responses after sleep deprivation (SD), 8, 9 it has been concluded that the circadian pacemaker is not a prerequisite for the sleep dependent component of sleep regulation. 6 Nonetheless, strong influences by the circadian system may be a major determinant of physiological sleep tendency. Studies in the diurnal squirrel monkey 7, 10 and in humans 11 have shown that the circadian pacemaker actively promotes and maintains wakefulness at specific times of the day. Based on forced desynchrony studies in humans, it was suggested that the circadian drive for wakefulness is low at dawn and increases across the subjective day, peaking just prior to habitual bed time. 11 In this model, the habitual morning wake-up time results from diminished sleep pressure through the sleeping process rather than from circadian influences on alertness. 11 Studies in nocturnal rodents support the notion that the circadian drive for wakefulness is strong at the end of the circadian activity phase, 12 but studies in diurnal squirrel monkeys suggest that SCN-dependent alertness in primates may also be relatively robust at earlier phases in the subjective day. 10, 13 Whether these wake-promoting effects of the circadian system generalized to rodent species that exhibit crepuscular sleep-wake circadian rhythms is unknown.
A recent EEG study in Octodon degus has shown that this hystricomorph rodent exhibits two relatively consolidated episodes of waking around the light transition phases 14 that are consistent with behavioral activity rhythms reported for this species in its natural environment. 15, 16 In addition to their crepuscular rhythms, degus exhibit a diurnal or nocturnal activity phase preference that can be influenced by behavioral activity 17 or possibly by environmental factors. 16, 18 Comparable to sleep patterns in the guinea pig, 19 EEG sleep-wake studies in degus have shown a highly fragmented sleep-wake pattern with no significant day night differences in total sleep time. 14 In contrast, the crepuscular episodes of wakefulness in degus are more pronounced than those observed in the guinea pig. To date, no study has examined the interactions of SD with the dawn waking episode in a diurnal or crepuscular rodent species. In the present study, interaction between the crepuscular timed event of wakefulness at dawn and compensatory sleep responses after SD was investigated in Octodon degus. The recovery sleep was compared after 12 hours of SD ending either at CT 12 or at CT 21. In this way, SDs were terminated just after the crepuscular episode of wakefulness at dusk, or two hours before the crepuscular episode of wakefulness at dawn, respectively. To investigate whether EEG delta power in NREM sleep is influenced by the circadian timekeeping system in this species, slow wave activity (SWA) after 12 hours of SD (ending at CT 12 and CT 21) were compared to those after six hours of SD (ending at CT 12).
MATERIAL AND METHODS

Animals
Eight adult (age 10-14 months) male Octodon degus were used in this study. The animals were individually housed in Nalgene cages (46 cm long x 24 cm wide x 20 cm deep) and maintained in a 24-hour light-dark cycle (LD 12:12, lights-on: 30-35 lux [4 watt fluorescent bulbs], darkness: <0.1 lux ). Food and water were available ad libitum. Ambient temperature was 23±1° C. Research was conducted in an AALAC accredited, USDA inspected facility and in compliance with American Veterinary Medical Association and American Physiological Society guidelines for laboratory animal care.
Animal Surgery
Animals were sedated with diazepam (1.6 mg/kg, i.m.), anesthetized (2% isofluorane in medical grade oxygen), positioned in a stereotaxic device (Kopf Instruments, Tajunga, CA) and surgically prepared with a cranial implant that allowed chronic EEG and electromyogram (EMG) recordings. During the same surgical procedure, a miniature transmitter (Barrows, Palo Alto, CA) used to record locomotor activity (LMA) and body temperature was surgically placed in the abdomen. Details regarding the techniques employed were previously described. 14 Briefly, two frontal (+11.0 anterior from earbar zero, ±3.0 medial-lateral (ML)), and two occipital (+2.5 anterior from earbar zero, ±3.0 ML) epidural EEG leads were fixed in position using self-tapping stainless steel screws. Two Teflon insulated medical grade stainless steel wires (Bergen Wire Rope, Lodi, NJ) were positioned bilaterally beneath the nuchal trapezoid muscles. All leads were soldered to a miniature connector, hermetically sealed with acrylic, and gas sterilized prior to surgery. The implant was fixed to the skull with a combination of cyanoacrylate and dental acrylic. Prophylactic antibiotics were administered pre-operatively (chloramphenicol 30 mg/kg, s.c.) and postoperatively (gentamicin 40 mg/ml, s.c.). Post-operative pain was managed with buprenorphine (0.03 mg/kg, s.c.). Before beginning the studies, the animals were given at least three weeks to recover from surgery.
Data Collection
The animals were placed individually in a ventilated stainless steel recording chamber to isolate them from environmental cues. A flexible EEG recording cable was attached between the cranial implant and a low torque commutator (Biela Engineering, Irvine, CA) located at the top of the cage, which allowed the animals to move freely within their cages. The animals adapted to their cables for at least seven days before EEG sleep recordings were iniated. Vigilance states were determined every 10 seconds using SCORE, TM a microcomputer-based sleep scoring system for rodents. 20 EEG signals were amplified (Grass model 12 amplifier, Grass Instruments, Quincy, MA), band pass filtered (1.0 -30 Hz, -6 dB/octave), and digitized at 100 Hz. This system also recorded integrated EMG (bandpass 10-100 Hz), temperature, and LMA. LMA was recorded as discrete events every 10 seconds and was used as an independent corroborating variable for wakefulness. LMA was detected using a signal strength discriminator within the telemetry receiver (Data Sciences, St. Paul, MN) located beneath the cage. Body temperature (°C) was recorded once each minute.
Quality of the data was ensured by means of regular online evaluation of the EEG and EMG and careful off-line evaluation of the raw digitized EEG data (stored on highdensity optical media). Post-treatment computer scoring was visually checked, epoch by epoch, for at least 12 hours after the deprivation. Computer versus human vigilance state scoring for this species was validated in a previous report. 14 
Protocol
Prior to SD, 24 hours of baseline data in LD 12:12, followed by 24 hours baseline in constant darkness, were recorded for all animals. These recordings were used to make change from baseline comparisons (e.g., between compensatory sleep responses after SD and baseline recordings for individual animals). Before the start of each SD, the animals were undisturbed for at least two days. During the SD, animals were kept awake for either 6 or 12 consecutive hours by gently shaking the cage when the animals made attempts to fall asleep (behaviorally and/or based on the EEG signal). The SDs were terminated at either CT 12 (lights off, after 6 and 12 hours of SD) or at CT 21 (3 hours before lights on, after 12 hours of SD). Since the SD protocols were terminated after the light to dark transition or just before the dark to light transition, an unmasking protocol was employed in order to exclude the effects of light-dark masking on the recovery process. Therefore, the lights remained off for 24 hours starting at the beginning of the subjective day following the SD that ended at CT 21. In this way, the first 12 hours of the recovery sleep after each SD occurred in the dark. All SD protocols were conducted at least one week apart.
Data Analysis
NREM sleep, REM sleep, and total sleep time (NREM+ REM sleep) were calculated as percentages per hour. For sleep bout length analysis, bout lengths were defined as three or more consecutive epochs of NREM and/or REM that terminated with three or more consecutive epochs of wake. Bout lengths were calculated in minutes and plotted relative to the hour in which they began.
EEG spectral analysis was performed on the stored raw digitized EEG data. EEG epochs were carefully screened for artifacts (first automatically, then visually) and were analyzed off-line using Hartley's modification of the fast Fourier transform. 21 Artifacts were excluded from analysis. For each hour, EEG power in the delta band (0.5-4 Hz) in NREM sleep was expressed as a percentage of the 24-hour mean of EEG delta power in NREM sleep. The post-SD data were expressed as a percentage of the 24 hour mean of EEG delta power in NREM sleep that was monitored during the 24-hour baseline prior to each SD protocol.
Day night differences in total sleep time (during baseline recordings), and the amounts of sleep loss during the different SD protocols, were compared by means of a Student's t-test. To compare compensatory sleep responses after each SD protocol (6 or 12 hours of SD with release at CT 12), mean total sleep time, NREM sleep, REM sleep, and maximum sleep bouts during the first three hours of recovery sleep relative to the corresponding baseline were tested using repeated measures ANOVA. imum sleep bouts after 12 hours of SD (release at CT 21) were also analyzed. Hourly bins of total sleep time, NREM sleep, REM sleep, and maximum sleep bouts following SD were compared to the corresponding baseline data using repeated measures ANOVA across the first 24 hours. Time of day variation within these groups (baseline and after SD) in total sleep time, NREM sleep, REM sleep, and maximum sleep bouts averaged in hourly bins across the first 24 hours post deprivation, were tested using one-way ANOVA. To test whether the wakefulness episode beginning at CT 23 14 attenuates recovery sleep after 12 hours of SD ending at CT 21, hourly bins of total sleep time, NREM sleep, REM sleep, and maximum sleep bouts at CT 23 were compared with CT 21, CT 22, CT 0, and CT 1 using planned contrasts (SAS 6.04). Differences in SWA and body temperature (hourly bins) after the three different SD protocols were assessed using repeated measures ANOVA across 24 and 9 hours post deprivation, respectively. In the presence of a significant main effect after either one-way ANOVA or repeated measures ANOVA, Tukey (SAS 6.04) contrasts (alpha=0.05) assessed effects of SD duration or time of day differences.
RESULTS
Baseline Recordings
Prior to SD, 48 hours of baseline data were recorded. The first 24 hours of baseline data were collected in LD 12:12 followed by 24 hours of recording in constant darkness (DD). These baseline recordings were used to quantitatively assess recovery sleep responses after 6 or 12 hours of SD. Baseline total sleep time per 24-hour day was not affected by the change from LD to DD (34.7 ± 1.9% (LD) vs. 33.6 ± 1.6% (DD)). The circadian waveforms for total sleep time ( Figures 1A and 1D ) showed ultradian rhythms with a major and consistently timed episode of wakefulness at CT 23. This event of wakefulness, corresponded with an increase in body temperature ( Figures 1B and 1E) , and was followed by increased levels of SWA that gradually declined during the subjective day ( Figures 1C and 1F) . As previously reported, 14 body temperature, sleep-wakefulness and LMA exhibited similar waveforms, with a consistent sharp increase in wakefulness at CT 23 that lasted for approximately one hour. The latter is hypothesized to reflect a circadian arousal mechanism that actively promotes wakefulness in this species. 14 
Sleep Deprivation
The time course of total sleep during and after 6 or 12 hours of SD are shown in Figure 2 . In the first two protocols, 6 hours ( Figure 2A ) and 12 hours ( Figure 2B ) of SD terminated at CT 12 (the beginning of the subjective night). In the third protocol, 12 hours of SD terminated at CT 21 ( Figure 2C ). The 24-hour mean baselines preceding each SD protocol were not significantly different. Though the SD procedures were highly effective (94.1±1.3% of total sleep time, relative to baseline, was lost), an increasing number of sleep attempts occurred over the course of the SD. Focusing on the first six hours immediately after the SD, two observations were especially noteworthy. First, the increase in total sleep time after 6 hours of SD ( Figure  2A ) was smaller than after 12 hours of SD ( Figure 2B , release at CT 12). Second, total sleep time after 12 hours of SD that ended at CT 21 was significantly suppressed during the third hour after the SD (CT 23), a time of day normally dominated by wakefulness in this species (see arrow, Figure 2C , and 14). Both observations are analyzed further below.
Sleep Loss Effects on Recovery Sleep
To quantitatively assess compensatory sleep responses after SD, mean total sleep time, NREM sleep, maximum sleep bout lengths, and REM sleep time during the first three hours post-deprivation (after either 6 or 12 hours of SD ending at CT 12) were averaged and compared to the corresponding baseline. Figure 3 shows an increase in total sleep time and NREM sleep that was proportional to SDduration (alpha=0.05). When averaged over the first three hours post-deprivation, maximum sleep bout duration was only elevated after 12 hours of SD ( Figure 3C, alpha=0.05) . In contrast, hour to hour comparisons revealed a proportional increase in maximum sleep bout length in the third hour after 6 and 12 hours of SD (alpha=0.05). Cumulative REM sleep loss was significantly greater after 12 hours of SD as compared to 6 hours (alpha=0.05). However, REM sleep time after SD could not be distinguished statistically from baseline ( Figure 3D ).
Recovery sleep expressed as total sleep deficit and recovery during and after each SD, respectively are shown in Figure 4 . These plots indicate the cumulative minutes of total sleep time that were lost (relative to the baseline) during sleep deprivation, and show the time course and amount of total sleep time recovered (starting at hour 0) after 6 hours ( Figure 4A ) or 12 hours of SD ending at CT 12 ( Figure 4B ) or CT 21 ( Figure 4C ). Recovery sleep ends when the profile reveals a steady-state (i.e., slope = 0). Steady state was achieved approximately 9 hours after the 6 hours of SD ( Figure 4A ) and 16 hours after the 12 hours of SD ( Figure 4B and 4C) . The animals recovered on average 51.2±6.0% (at 6 hours after SD) to 78.3±12.0% (at 24 hours after SD) of their lost sleep time.
Circadian Effects on Sleep Homeostasis
To test the hypothesis that a crepuscular wake promoting signal at dawn in Octodon degus actively interacts with compensatory sleep responses, SDs were deliberately terminated at CT 21, two hours before the animals normally show a consistently timed crepuscular episode of wakefulness (see Figure 1) Compensatory sleep responses across the first 8 hours post-deprivation (within condition) were tested using one-way ANOVA. SD versus baseline levels (between conditions) were compared using repeated measures ANOVA across the first 24 hours post-deprivation. ending at CT 21 was less than after the SD ending at CT 12 (due to a circadian interaction), but greater than after 6 hours of SD (p<0.04; see Figure 4 ). Hourly bins of total sleep time, NREM sleep, REM sleep, and maximum sleep bouts were compared to the corresponding baseline hours ( Figure 5 , Table 1 ). In approximately the first five hours of recovery sleep, total sleep time, NREM sleep, and maximum sleep bouts were significantly elevated from baseline ( Figures 5A-B, and 5D, alpha=0.05 ). In contrast, REM sleep did not increase from baseline until the fifth hour after SD ( Figure 5C ). Planned contrasts revealed that compensatory sleep responses at CT 23 were significantly lower than at CTs 21, 22, 0 and 1 ( Figure 5, p<0. EEG delta power in NREM sleep was elevated relative to baseline after all three deprivation protocols, but only during the first two to three hours after SD (Figures 6A-C,  alpha=0.05 ). Approximately five hours after 12 hours of SD (release at CT 21), SWA levels went below corresponding baseline SWA levels ( Figure 6C) . Comparisons between the levels of SWA after the three different SD protocols revealed a group x CT interaction (F=1.71 (p<0.0043)). SWA levels in the first two hours after SD were significantly lower when the animals were released from 12 hours of SD at CT 21 ( Figure 6C ) when compared to SWA after 6 and 12 hours of SD ending at CT 12 ( Figures 6A and 6B) .
Body Temperature
During the three SD protocols, body temperature significantly increased (p=0.0001). However, unlike the 6-and 12-hour SDs ending at CT 12, body temperature significantly declined at the end of the 12 hour SD ending at CT 21 (alpha=0.05). Comparisons of body temperature levels between the three groups revealed a CT interaction (repeated measures ANOVA, F=28.76 (p<0.0001)). There was a steep decline of body temperature at the end of the SD at CT 21 when compared to both SDs at CT 12 ( Figure 6D-F) . Body temperature continued to be significantly lower in the group released at CT 21 during the fifth hour after SD as compared to the two SDs ending at CT 12.
DISCUSSION
Octodon degus, a rodent with crepuscular timed events of EEG wakefulness, 14 exhibited a proportional increase in total sleep time and NREM sleep after six hours and twelve hours of SD -a hallmark of mammalian sleep homeostasis. However, at CT 23 the circadian arousal system strongly interfered with recovery sleep after SD, consistent with evidence in other species that the SCN actively promotes and maintains wakefulness at particular times of day. 7, 11, 12 Although behavioral and/or environmental conditions can influence the diurnal and nocturnal phase preference in Octodon degus, 17 crepuscular timed wakefulness patterns are consistent with behavioral activity rhythms observed in its natural environment, 15, 16 and with EEG sleep-wake rhythms monitored in the laboratory. 14 The present data also show that the expression of slow wave activity after 12 hours of SD ending at CT 21 was attenuated when compared to the initial levels of SWA after both six and twelve hours of SD ending at the beginning of the subjective night (CT 12). Taken together, our observations suggest that wakefulness in the Octodon degus is actively initiated and promoted by the circadian timekeeping system at the beginning of the subjective day and is involved in sleep-wake regulation in this species. C, F) . Slow-wave activity (SWA) was normalized relative to the pre-SD 24-hour mean baseline for individual animals, and then averaged for the population. Change in body temperature is plotted relative to the pre-SD circadian mean. a=significantly greater than baseline (alpha=0.05), b=signifi-cantly less than baseline (alpha=0.05), and * = significant difference relative to corresponding time post-SD after 6 hours of SD (A) and 12 hours of SD (B) ending at CT 12 (alpha=0.05)).
Sleep Homeostasis as a Function of Prior Wake Duration
Compensatory sleep responses after SD are thought to increase as a saturating exponential function of prior wake duration in rats [1] [2] [3] and humans. 4 Although consolidation and intensification of sleep was observed after SD in Octodon degus, sleep continuity and SWA levels did not increase at the same rate during waking. The otherwise short sleep bouts in this species 14 significantly lengthened after SD but were not directly proportional to the amounts of sleep loss. For example, the mean maximum sleep boutlength observed during the first three hours after 12 hours, but not 6 hours, of SD was significantly different from baseline. In contrast to findings in the rat, in which sleep continuity increases as a function of the amount of prior sleep loss, 2 sleep episode duration in degus may increase only after a certain duration of consolidated wakefulness (e.g., more than six hours of prior wake duration). Consistent with many other species (the nocturnal rat, 1,3 the diurnal chipmunk, 22 the crepuscular guinea pig, 23 and humans 4 ), EEG delta power in NREM sleep increased after SD. Seemingly in contrast to the generality that SWA increases as a function of prior wakefulness duration, the levels of SWA after 6 or 12 hours of SD were not significantly different in degus. Although one could speculate that this potentially reflects a "ceiling effect" in the expression of SWA, nocturnal rats also show similar SWA levels after 6 and 12 hours of SD, but reveal a further increase in SWA levels after 24 hours of SD. 3 The present data also showed that the levels of SWA in the first two hours after 12 hours of SD ending at CT 21 in degus were attenuated when compared to both 6 and 12 hours of SD ending at CT 12. This observation is consistent with findings in several species, 1, 12, 24 including humans, 25 and supports the notion that circadian factors may influence the expression of SWA after SD. The initially elevated SWA levels after SD rapidly decreased during the first three hours of recovery sleep and were below baseline levels for approximately five hours after SD (ending at CT 21). This "negative rebound" in SWA (that eventually returned back to baseline levels) has also been observed after both SD 26 and benzodiazepine induced sleep in the rat, 27 and may reflect regulatory hysteresis rather than a simple hourglass phenomenon. 4 A range of SD durations (e.g., shorter than 6 hours and longer than 12 hours) are still needed to fully characterize compensatory sleep responses to SD in Octodon degus.
Circadian Modulation of Compensatory Sleep Responses
Compensatory sleep responses after 12 hours of SD were attenuated at CT 23, a time of the day that a crepuscular episode of EEG wakefulness is expressed in this species 14 (see Figure 1) . Thus, a crepuscular timed wake promoting signal expressed at dawn can oppose compensatory sleep responses to SD in Octodon degus.
Comparable to degus, humans exhibit two times of day in which it is less likely to sleep. [28] [29] [30] [31] Unambiguous bimodal sleep-wake rhythms in humans have been observed when studied in a short photoperiod. 29 The bimodal circadian waveform of human wakefulness has previously been characterized as "wake maintenance zones" 30 or "forbidden zones for sleep." 31 Based on a forced desynchrony study in humans, Dijk and Czeisler concluded that the "wake maintenance zone" 30 in the early morning is primarily caused by reduced physiological sleep drive prior to habitual wake-up time. 11 The present study revealed that wakefulness at dawn in degus is robust and can actively interfere with compensatory sleep responses to SD, comparable to that observed in the nocturnal rat. 12 Although degus exhibit a second episode of consolidated wakefulness at the beginning of the subjective night 14 (see Figure 1A) , interaction between recovery sleep and circadian timed wakefulness at dusk remains to be investigated.
An EEG sleep study in SCN-lesioned squirrel monkeys revealed that the SCN actively promotes and maintains wakefulness at specific times of the day. 7 Based on these findings and consistent with a large body of supporting literature, Edgar and colleagues 7 proposed that SCN-dependent alertness opposes homeostatic sleep drive. Although the crepuscular episodes of wakefulness in degus are consistently timed by the circadian system 14 and are expressed when the animals were housed under both entrained and free-running conditions (e.g., constant darkness), SD studies in SCN-lesioned degus are needed to provide compelling evidence that sleep homeostasis is opposed by a SCN-dependent alertness mechanism in this species.
Body Temperature and Sleep Homeostasis
An interaction between amount of recovery sleep, sleep continuity, SWA intensity after SD, and time of day was observed in degus. It is not known, however, whether the circadian system directly modulates the expression of SWA or whether SWA changes are due to interactions with other integrated physiological systems that are modulated by the circadian pacemaker. Both SWA and body temperature levels were similar after 6 and 12 hours of SD ending at CT 12, despite significant differences in sleep loss. In contrast, SWA levels in the first two hours after 12 hours of SD ending at CT 21 were lower when compared to CT 12. Furthermore, body temperature levels at the end of SD at CT 21 were significant lower than at CT 12 and did not correspond with cumulative sleep loss at the end of SD. McGinty and colleagues proposed that the amount of slowwave sleep or delta dominated NREM sleep may be a function of heat load at sleep onset. 32 Whole body heating increases delta dominated NREM sleep in the rat, 33 supporting this hypothesis. In humans, the duration of sleep is a function of the body temperature at sleep onset. 34 Sleep length is significantly longer when sleep is initiated at the circadian temperature maximum rather than at the temperature cycle minimum. In another study, slow-wave sleep in humans was found to be positively correlated with the body temperature at sleep onset. 35 An analogous correlation was recently reported in the golden-mantled ground squirrel in which SWA was reduced as brain temperatures lowered during hibernation. 36 These studies suggest that the duration and the intensity of sleep increase at relative high body and/or brain temperatures. Therefore, in Octodon degus, attenuated SWA levels after 12 hours of SD ending at CT 21, compared to SD ending at CT 12, could be due to the lower body temperature levels at CT 21.
In conclusion, the circadian arousal system interacts with sleep homeostasis in Octodon degus. Compensatory sleep responses to SD were attenuated at CT 23, a time of the day when a circadian wake promoting signal appears to dominate sleep-wake regulation in this species. 14 Consistent with studies in diurnal and nocturnal mammals, 7, 11, 12 these data suggest that the circadian timekeeping system in crepuscular species opposes homeostatic sleep drive by facilitating the initiation and maintenance of wakefulness at specific times of the day. How SCN efferents promote cortical and behavioral arousal remains to be elucidated.
